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SULFURIC ACID ELECTROLYSIS PROCESS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the ben 
e?t of priority of Japanese Patent Application 2008-170097, 
?led on Jun. 30, 2008; the entire contents of Which are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to the sulfuric acid 
electrolysis process Which directly electrolyZes concentrated 
sulfuric acid by using the conductive diamond anode to form 
oxidizing agent stably. 
[0004] 2. Description of the Related Art 
[0005] In the so-called Wet Washing technology, Where sili 
con Wafer Works are objects of cleaning as seen in the semi 
conductor device manufacturing, persulfuric acid or persul 
fate is used as removing agent for used photoresist, metals and 
organic pollutants. These persulfuric acid or persulfate are 
knoWn to form through the electrolysis of sulfuric acid, and 
already manufactured electrolytically on an industrial scale. 
(Patent Document 1) 
[0006] Patent Document 1 discloses the method to produce 
ammonium persulfate through electrolyZing the electrolyte 
comprising aqueous ammonium sulfate solution. This 
method applies relatively loW concentration of aqueous Sul 
fate solution at 30-44% by mass. HoWever, electrolysis of the 
aqueous Sulfate solution at such relatively loW concentration 
as shoWn in Patent Document 1 reveals a problem that the 
Wash stripping e?iciency of photoresist, etc. is loW. 
[0007] In order to solve this problem, the inventors of the 
present invention have invented, and ?led for patent, the 
sulfuric acid electrolysis process to manufacture persulfuric 
acid by electrolyZing concentrated sulfuric acid using a con 
ductive diamond electrode, as a technology to supply persul 
furic acid With a high cleaning effect, continuously and quan 
titatively at a high ef?ciency, and a cleaning process for 
silicon Wafer Works applying persulfuric acid manufactured 
by said process. (Patent Document 2) Compared With plati 
num electrodes Widely used so far as electrodes to form 
persulfate, this conductive diamond electrode, giving a larger 
oxygen generation overpotential, shoWs a higher ef?ciency in 
electrolytic oxidation of sulfuric acid into persulfuric acid, is 
superior in chemical stability and has a longer electrode life. 
[0008] The process described in Patent Document 2 elec 
trolyZes concentrated sulfuric acid at a concentration over 
90% by mass, and the oxidiZing agent formed from the elec 
trolysis reaction of concentrated Sulfuric acid, such as per 
oxomonosulfuric acid, contains less moisture and therefore, 
is not decomposed through reaction With moisture, capable of 
stably forming such oxidiZing agent as peroxomonosulfuric 
acid, achieving a high Wash stripping ef?ciency for photore 
sist, etc. 
[0009] HoWever, concentrated sulfuric acid has such fea 
tures derived from its high viscosity With less ?uidity, com 
pared With Water or relatively thin aqueous solution, that 
When it is used as an electrolyte for electrolysis, the generated 
gas from the electrolysis is hard to be liberated from the 
electrode surface, and also bubbles formed by liberated gas in 
the electrolyte take time to diffuse and therefore, are dif?cult 
to be discharged outside the electrolytic cell. Accordingly, if 
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such gas covers the electrode surface or is contained in the 
electrolyte plentifully, the resistance betWeen the anode and 
the cathode increases, raising the cell voltage, Which may 
eventually lead to a phenomenon that electrolytic current Will 
not be supplied in excess of the maximums supply output of 
the poWer source, Which interferes With the production pro 
cess of persulfuric acid. Also, other substances than gas 
formed by electrolysis are easy to precipitate due to its small 
solubility in the concentrated sulfuric acid, especially at a loW 
temperature. When precipitate, they Will also become a factor 
to interfere With electrolytic current ?oW as With the case of 

gas. 

[0010] In Patent Document 3, the sulfuric acid electrolysis 
process is disclosed, as a part of the sulfuric acid recycle type 
cleaning system, Which produces persulfuric acid through 
electrolysis of concentrated sulfuric acid by using the con 
ductive diamond anode. Patent Document 3 also discloses 
that the formation ef?ciency of persulfuric acid is raised by 
controlling the temperature of the solution to be subjected to 
electrolytic reaction in the range of 10-90 degree Celsius and 
the rate of dissolution of persulfuric acid solution of the 
photoresist is increased by controlling the concentration of 
sulfuric acid to 8M or above, but there is no disclosure about 
the relationship betWeen the How rate of the electrolyte and 
the electrolysis temperature, and neither disclosure nor sug 
gestion are given about the means to perform the sulfuric acid 
electrolysis stably. 
[0011] MeanWhile, such troubles have often happened that 
When in the sulfuric acid electrolysis process to manufacture 
persulfuric acid using the conductive diamond anode as 
described in Patent Document 2 and Patent Document 3, 
electrolytic current value is raised to operate the electrolysis 
cell, the cell voltage sharply rise beyond the limit of the 
connected recti?er Within a short period of time and the set-up 
current value sharply descends, causing failure of electrolysis 
operation. In particular, such trouble of failure in electrolysis 
Was signi?cant When the concentration of concentrated sul 
furic acid in said electrolysis Was 70% by mass or more and 
the current density Was 20A/dm2 or more in said electrolysis. 

[0012] Concentrated Sulfuric acid has a characteristic that 
its coagulation point varies With concentration; for instance, 
at 85.66% by mass the point is 7.1 degree Celsius, but at 94% 
by mass, —33.3 degree Celsius, at 100% by mass, 10.9 degree 
Celsius, and at 74.36% by mass, —33.6 degree Celsius. It is 
presumed that to a small variation of concentration, the prop 
erty changes signi?cantly, and that near the coagulation point, 
viscosity varies considerably and said troubles tend to easily 
occur. (Non-Patent Document 1, P. 5-7) 
[0013] Also, according to Non-Patent Document 1, Pages 
5-7, the viscosity of concentrated sulfuric acid is, for instance, 
0.99 cP, at 10% by mass of concentration at 30 degree Celsius, 
being equal to Water, but for a high concentration, the value is 
large, for instance, 7.9 cP at 70% by mass of concentration, 
15.2 cP at 80% by mass of concentration, and 15.6 cP at 90% 
by mass of concentration. Also, the viscosity largely depends 
on temperature. The loWer the temperature, the larger it tends 
to be. For instance, for 90% by mass of concentration, 31.7 cP 
at 15 degree Celsius, 23.1 cP at 20 degree Celsius, 15.6 cP at 
30 degree Celsius, 11.8 cP at 40 degree Celsius, and 8.5 cP at 
50 degree Celsius. In order to promote gas elimination in the 
region of a high sulfuric acid concentration, applied tempera 
ture must be raised, Which, hoWever, is knoWn undesirable 
due to increased decomposition of persulfuric acid. 
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[0014] [Patent Document 1] Tokkaihei 11-293484 Patent 
Gazette 
[0015] [Patent Document 2] Tokkai 2008-19507 Patent 
Gazette 
[0016] [Patent Document 3] Tokkai 2006-278838 Patent 
Gazette 
[0017] [Non-Patent Document 1] Handbook of Sulfuric 
Acid (published by Japan Sulfuric Acid Association-1968) 

SUMMARY OF THE INVENTION 

[0018] The present invention aims to eliminate the Weak 
points of the conventional technologies described in Patent 
Documents 1-3 in vieW of said characteristics of the viscosity 
and the coagulation point of concentrated sulfuric acid 
described in Non-Patent Document 1, in particular, the 
present invention prevents the troubles of electrolytic opera 
tion failure during said electrolysis from occurring at 70% by 
mass or more of concentrated sulfuric acid concentration, and 
at 20 A/dm2 or more of the current density, by offering the 
sulfuric acid electrolysis process to form oxidizing agent 
stably through direct electrolysis of concentrated sulfuric 
acid by using the conductive diamond anode. 
[0019] In order to solve said problems, the present inven 
tion provides the sulfuric acid electrolysis process in Which 
the anode compartment is separated from the cathode com 
partment by a diaphragm; the conductive diamond anode is 
installed in said anode compartment; the cathode is installed 
in said cathode compartment; electrolyte containing sulfuric 
acid is supplied for electrolysis to said anode compartment 
and the cathode compartment, respectively, from outside to 
generate oxidizing agent in the anolyte in said anode com 
partment, Wherein; 
[0020] (1) the temperature of said electrolyte containing 
sulfuric acid to be supplied to said anode compartment and 
said cathode compartment is controlled to 30 degree Celsius 
or more; 

[0021] (2) the How rate F1 (L/min.) of said electrolyte con 
taining sulfuric acid to be supplied to said anode compart 
ment is controlled to 1.5 times or more (F1/Fa§1.5) the How 
rate Fa (L/m in.) of gas formed on the anode side as calculated 
from Equation (1) beloW and the How rate F2(L/min.) of said 
electrolyte containing sulfuric acid to be supplied to said 
cathode compartment is controlled to 1.5 times or more (F2/ 
Fc§1.5) the How rate Fc (L/min.) of gas formed on the 
cathode side as calculated from Equation (2) beloW. 

Fa:(I><S><R><T)/(4><Faraday constant) Equation (1) 

F c:(I><S><R><T)/(233 Faraday constant) Equation (2) 

[0022] 1: Electrolytic current (A) 
[0023] S: Time: 60 second (Fixed) 
[0024] R: Gas constant (0.082 1~atm/K/mol) 
[0025] K: Absolute temperature (273.15 degree Cel 

sius+T degree Celsius) 
[0026] T: Electrolysis temperature (degree Celsius) 
[0027] Faraday constant: (C/mol) 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1. An overall diagram illustrating an example 
of the sulfuric acid recycle type cleaning system applying the 
sulfuric acid electrolytic cell by the present invention 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] The folloWing is a detailed explanation about the 
present invention. 
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[0030] In electrolyzing sulfuric acid directly applying a 
conductive diamond anode, the inventors of the present 
invention found that the cell voltage sharply increased for a 
short period of time beyond the limit of the recti?er, if the 
electrolytic current value of the electrolysis cell is raised, and 
the set current value also sharply descended, causing elec 
trolysis operation failure. As such troubles occurred fre 
quently, the inventors discussed in search of possible causes. 
In particular, operation failure Was experienced When the 
concentration of the concentrated Sulfuric acid in said elec 
trolysis Was 70% by mass or more and the current density Was 
20 A/dm2 or more. 
[0031] The inventors of the present invention considered 
that resistance at some part of the electrolytic cell had 
increased Within a short period of time by the start of elec 
trolysis and evaluated the conditions at electrolysis start-up 
together With the rising trend of cell voltage. As a result, the 
folloWing ?ndings are obtained. 
[0032] In the present invention, 

[0033] (1) the temperature of said electrolyte containing 
sulfuric acid to be supplied to said anode compartment 
and said cathode compartment is controlled to 30 degree 
Celsius or more; and 

[0034] (2) the How rates (F1, F2) of said electrolyte con 
taining sulfuric acid to be supplied to said anode com 
partment and said cathode compartment is controlled to 
1.5 times or more the How rate F (Fa, Fc) of gas gener 
ated on the side of anode and cathode as calculated from 
the electrolytic current value. In the anode compartment 
and the cathode compartment, the How rate of the gas 
generated on the side of anode and cathode as calculated 
from the electrolytic current value is obtained from 
Equation (3), beloW. 
F (Fa, F c):(I><S><R><T)/(n><Faraday constant) Equation (3) 

[0035] When n:4, FIFa 
[0036] When n:2, FIFc, 
[0037] I: Electrolytic current (A) 
[0038] S: Time: 60 second (Fixed) 
[0039] R: Gas constant (0.082 1~atm/K/mol) 
[0040] K: Absolute temperature (273.15 degree Cel 

sius+T degree Celsius) 
[0041] T: Electrolysis temperature (degree Celsius) 
[0042] Faraday constant: (C/mol) 

[0043] If n:4 and n:2 are assigned to Equation (3), Equa 
tion (1) and (2) are obtained. 

Fa:(I><S><R><T)/(4><Faraday constant) Equation (1) 

F c:(I><S><R><T)/(2><Faraday constant) Equation (2) 

[0044] Moreover, the relationship betWeen the How rates 
(F1, F2) of said electrolyte containing sulfuric acid to be 
supplied to said anode compartment and said cathode com 
partment and the How rate (Fa, Fc) of gas generated on the 
side of anode and cathode as calculated from the electrolytic 
current value is as beloW. 

Fl/FaZLS Equation (4) 

FZ/FCZLS Equation (5) 

[0045] Property of Sulfuric acid varies With temperature; 
hoWever, With the coagulation point, concentrated sulfuric 
acid shoWs unique behavior. The present invention Was con 
ceived, focusing on the speci?c properties of concentrated 
Sulfuric acid that the coagulation point of it signi?cantly 
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varies With the change of concentration even by a feW percent 
by mass and that the viscosity of sulfuric acid, Which is 
extremely large compared With other acids or aqueous solu 
tions, also signi?cantly varies With the change of coagulation 
point. Moreover, the solubility of concentrated sulfuric acid 
to various substances is small and at a loW temperature, it 
seems smaller. Also, concentrated sulfuric acid shoWs a 
smaller viscosity at a loW temperature. Therefore, it is con 
sidered that When the electrolyte containing concentrated 
sulfuric acid is applied, if the electrolyte is at loW tempera 
ture, substance formed on the electrode surface stays on the 
electrode surface, Without being sWiftly carried aWay from 
the electrode surface into to the electrolyte, Which develops to 
electrolytic operation trouble. For this reason, the tempera 
ture of electrolyte containing concentrated sulfuric acid is 
required to be controlled to 30 degree Celsius or more. 
[0046] The present invention has found that it should be 
avoided for the formed substance to be concentrated on the 
surface of the electrode as a result of abrupt input of large 
electrolytic current, and for this reason, the present invention 
practices the starting procedures of electrolysis in the sequen 
tial order of: temperature control of the electrolyteisupply 
of electrolyte to the electrolytic cellisupply of electrolytic 
current to the electrolytic cell, and suggests it is preferable 
that the electrolytic current value is incremented gradually 
from Zero amperes up to the targeted electrolytic current 
value, by l A/sec. or less. 
[0047] As above-mentioned, When concentrated sulfuric 
acid is applied, properties of viscosity and coagulation point 
are essentially important for the stable operation of the con 
centrated sulfuric acid electrolysis process. In order to loWer 
the viscosity in the highly concentrated region of sulfuric acid 
and to facilitate gas liberation, raising temperature is neces 
sary, but if it is raised, decomposition of persulfuric acidtends 
to progress, Which is undesirable, and therefore, the maxi 
mum temperature should be 70 degree Celsius or beloW. Also, 
an increase of Water content under a decreased sulfuric acid 
concentration is not desirable, because such operation not 
only promotes self-decomposition of persulfuric acid but also 
impairs the stripping ef?ciency of photoresist. Higher current 
density is preferable to improve productivity, but it simulta 
neously generates Joule heat, promoting self-decomposition 
of persulfuric acid formed by electrolysis. A desirable tem 
perature ranges for electrolyte is 30-70 degree Celsius. 
[0048] In case that the electrolyte is circulating betWeen the 
tank and the electrolytic cell, the temperature of electrolyte is 
raised by Joule heat With time, therefore, proper provision of 
a cooling system is required on the circulation line of the 
electrolyte, such as circulation piping, electrolytic cell and 
tank, to maintain the temperature of the electrolyte Within a 
proper range. Once the temperature of the electrolyte has 
risen, the viscosity decreases and the solubility of salt formed 
by electrolysis increases, but the temperature should be con 
trolled in vieW of suppression of self-decomposition. 
[0049] For the production of persulfuric acid, use of a con 
ductive diamond electrode, as anode, With a large oxygen 
generation overpotential and a high chemical stability is 
advantageous. If the application is intended for semiconduc 
tor manufacturing, such as for photoresist stripping, the con 
ductive diamond electrode is preferable for its less formation 
of metal impurities from the electrode. As a cathode, any 
material is applicable as far as it has properties of electric 
conductivity and sulfuric acid corrosion resistance, such as a 
conductive diamond electrode, platinum plate and carbon 
plate. 
[0050] The How rate of electrolyte to the electrolytic cell or 
the How rate of circulation betWeen the electrode compart 
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ment and the tank should be 1 .5 times or more the How rate of 
generated gas as calculated from the electrolytic current value 
of the electrolyte, so that generated gas or deposited electro 
lytic products are removed from the electrode surface and 
promptly drained outside the electrolytic cell Without increas 
ing solution resistance signi?cantly. 
[0051] In the electrolytic cell, the formation of persulfuric 
acid by oxidation of sulfuric acid and the reaction of oxygen 
gas generation are performed at the anode, and the reaction of 
hydrogen gas generation is performed at the cathode. The 
current ef?ciency of persulfuric acid depends on the concen 
tration of sulfuric acid, electrolysis temperature, and current 
density. In order to enhance the current e?iciency of persul 
furic acid at the anode, the current density is required to be at 
20 A/dm2 or more. If the current density is controlled to 20 
A/dm2 or more, electrolytic current not used for the formation 
of persulfuric acid is used for oxygen generation. The current 
ef?ciency for the generation of hydrogen gas at the cathode is 
almost 100%, and the bubble fraction in the cathode compart 
ment can be controlled by the electrolytic current value and 
the How rate of the electrolyte. 
[0052] Also, the sulfuric acid concentration of said electro 
lyte containing sulfuric acid to be supplied to said anode 
compartment is desirably at 70% by mass or more. The oxi 
diZing agent formed from in the electrolysis reaction of con 
centrated sulfuric acid, such as peroxomonosulfuric acid, 
contains less moisture and therefore, is not decomposed 
through reaction With moisture, capable of stably forming 
such oxidiZing agent as peroxomononsulfuric acid, achieving 
a high Wash stripping ef?ciency for photoresist, etc. In order 
to raise the Wash stripping ef?ciency of photoresist, etc., the 
sulfuric acid concentration of said electrolyte containing sul 
furic acid to be supplied to said anode compartment is desir 
ably at 70% by mass or more. 

[0053] MeanWhile, the sulfuric acid concentration of said 
electrolyte containing sulfuric acid to be supplied to said 
cathode compartment is desirably the same concentration of 
said electrolyte containing sulfuric acid to be supplied to said 
anode compartment. Otherwise, catholyte and anolyte tend to 
mix through diffusion of mass transfer via a diaphragm, 
resulting in decreased concentration of oxidiZing agent, dif 
?culty in controlling temperature of the electrolytic cell and 
electrolyte being hindered by appreciable generation of dilu 
tion heat, leading to dif?culty in forming oxidiZing agent 
stably With time. 
[0054] The folloWing explains in detail an example of the 
present invention, in reference to the draWing. 
[0055] FIG. 1 shoWs an example of the sulfuric acid elec 
trolytic cell 1 and the sulfuric acid recycle type cleaning 
system applying the electrolytic cell 1 by the present inven 
tion. This electrolytic cell 1 is separated by the diaphragm 2 
into the anode compartment 4 accommodating the conductive 
diamond anode 3 and being ?lled With concentrated sulfuric 
acid, and the cathode compartment 12 accommodating the 
cathode 11 and being ?lled With sulfuric acid at the same 
concentration With that in the anode compartment. The sys 
tem is constructed in such a Way that to the anode compart 
ment 4, the anolyte supply line 9 is connected, and through the 
anolyte supply lines 9 and 10, sulfuric acid, Which is anolyte, 
is circulated betWeen the anode compartment 4 and the 
anolyte tank 6 by the anolyte circulation pump 5. Similarly, to 
the cathode compartment 12, the catholyte supply line 18 is 
connected, and through the catholyte supply lines 18 and 17, 
catholyte is circulated betWeen the cathode compartment 12 
and the catholyte tank 14 by the catholyte circulation pump 
13. 
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[0056] Other components include the anode gas vent line 7, 
the anolyte ?oW meter & pressure gauge 8, the cathode gas 
vent line 15, and the catholyte ?oW meter & pressure gauge 
16. 

[0057] In the present invention, the conductive diamond 
anode 3 is used as anode and concentrated sulfuric acid is 
electrolyZed by this conductive diamond anode 3. The con 
ductive diamond anode 3 has a higher oxygen overpotential 
compared With platinum electrode or lead dioxide electrode 
(platinum: several hundreds mV; lead dioxide: approx. 0.5V; 
conductive diamond: approx. 1.4V) and through reaction 
With Water, Water is oxidiZed and oxygen or oZone is gener 
ated, as shoWn in the reaction equations (6) and (7). More 
over, if sulfuric acid ions or hydrogen sulfate ions exist in the 
anolyte, sulfuric acid ions or hydrogen sulfate ions are oxi 
diZed and persulfuric acid ion is generated through reaction 
With these ions, as shoWn in the reaction equations (8) and (9). 

eration reaction by Water electrolysis and formation of per 
sulfuric acid ion by oxidation of sulfuric acid ion are compet 
ing reactions, but if the conductive diamond anode 3 is 
applied, the formation of persulfuric acid ion precedes. 
[0059] This is attributed to the facts that the conductive 
diamond anode 3 has an extremely broad potential WindoW; 
the overpotential to oxygen generation reaction is high; and 
the targeted oxidation reaction stays Within the potentially 
progressive range, and therefore, if electrolysis of the aque 
ous solution containing sulfuric acid ion is performed, per 
sulfuric acid forms at a high current e?iciency, While oxygen 
generation is only little to occur. 
[0060] The reason Why the oxygen overpotential is high 
With the conductive diamond anode 3 can be explained as 
folloWs. On an ordinary electrode surface, Water is ?rst oxi 
diZed to form oxygen chemical species and from this oxygen 
chemical species, oxygen or oZone is considered to be 
formed. On the other hand, diamond is chemically more 
stable than ordinary electrode material, and uncharged Water 
is hard to adsorb to the surface and therefore, oxidation of 
Water is considered little to occur. By contrast, sulfuric acid 
ion, Which is anion, is easy to adhere to the surface of dia 
mond, functioning an anode, even at a loW potential, and 
presumably the forming reaction of persulfuric acid ion is 
more to occur than oxygen generation reaction. 

[0061] The conductive diamond anode 3 applied under the 
present invention is manufactured by supporting the conduc 
tive diamond ?lm, Which is reduction deposit of organic 
compounds, as carbon source, on the conductive substrate. 
The material and shape of said substrate are not speci?cally 
limited as far as the material is conductive and can be either in 
plate, mesh, or porous plate, for instance, of bibili ?ber sin 
tered body, comprising conductive silicon, silicon carbide, 
titanium, niobium and molybdenum, and as material, use of 
conductive silicon or silicon carbide With similar thermal 
expansion rate is preferable. Moreover, in order to enhance 
adherence betWeen the conductive diamond ?lm and the sub 
strate, and also to increase surface area of the conductive 
diamond ?lm to loWer current density per unit area, the sur 
face of the substrate should preferably be rough to a certain 
extent. 
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[0062] When the conductive diamond ?lm is used in mem 
brane, the thickness of membrane should preferably be 10 
um-50 pm to increase durability and to reduce pin-hole devel 
opment. A self-supported membrane more than 100 pm thick 
is applicable in vieW of durability, but cell voltage becomes 
too high, rendering the temperature control of electrolyte to 
be more complicated. 

[0063] The method to support the conductive diamond ?lm 
to the substrate has no speci?c limitation and is optional from 
among conventional methods. Typical manufacturing meth 
ods of the conductive diamond ?lm include the hot ?lament 
CVD (chemical deposition), microWave plasma CVD, 
plasma arcj et, and physical vapor deposition method (PVD), 
With the microWave plasma CVD being desirable in vieW of a 
higher ?lm-making rate and uniform ?lm preparation. 
[0064] Among other applicable is the conductive diamond 
anode 3 With the conductive diamond ?lm bonded using resin, 
etc. on the substrate applying synthetic diamond poWder 
manufactured by using ultra-high pressure. In particular, if 
hydrophobic ingredient, such as ?uororesin, is present on the 
electrode surface, sulfuric acid ion, Which is the object of 
treatment, is easily trapped, leading to enhanced reaction 
e?iciency. 
[0065] The microWave plasma CVD method is the process 
in Which the hydrogen-diluted mixture gas of carbon source 
like methane and dopant source like diborane is introduced to 
the reaction chamber, connected With a microWave transmit 
ter via a Waveguide, in Which ?lm forming substrate of the 
conductive diamond anode 3, such as conductive silicon, 
alumina and silicon carbide is installed, so that plasma is 
generated Within the reaction chamber to develop conductive 
diamond on the substrate. Ions by microWave plasma do not 
oscillate, and chemical reaction is effected at a pseudo-high 
temperature condition Where only electrons are made oscil 
lated. Output of plasma is l-5 kW, the larger the output, the 
more the active species can be generated and the rate of 
diamond groWth accelerated. Advantage of using plasma lies 
in the fact that diamond ?lming is possible at a high speed on 
a large surface area substrate. 

[0066] For providing conductivity to the conductive dia 
mond anode 3, a trace amount of elements having different 
atomic values is added. The content of boron or phosphorus is 
preferably l-l00000 ppm, or more preferably 100-10000 
ppm. As the raW materials for this additive element, boron 
oxide or phosphorus pentoxide, Which is less toxic, is appli 
cable. The conductive diamond anode 3, thus manufactured 
and supported on the substrate, can be connected to the cur 
rent collector comprising conductive substances, such as tita 
nium, niobium, tantalum, silicon, carbon, nickel and tungsten 
carbide, in a con?guration of ?at plate, punched plate, metal 
mesh, poWder-sintered body, metal ?ber, metal ?ber-sintered 
body, etc. 
[0067] The sulfuric acid electrolytic cell 1 is con?gured to 
be a 2-chamber type electrolytic cell, separated into the anode 
compartment 4 and the cathode compartment 12 by the dia 
phragm 2 of a reinforced ion exchange membrane or of a 
porous resin membrane subjected to hydrophilic treatment, 
so that persulfuric acid icons formed at the conductive dia 
mond anode 3 Will not be reduced to sulfuric acid icons 
through the contact With the cathode 11. 
[0068] The material of the cell frame of the Sulfuric acid 
electrolytic cell 1 should preferably be high-temperature 
tolerant and high-chemical resistant PTFE or NeW PFA in 
vieW of durability. As the sealing material, porous PTFE, or 
rubber sheets or O-rings coated With PTFE or NeW PFA, such 
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as Gore-Tex or Pore?on. Also, for enhancing sealing effect, 
the cell frame should preferably be v-notched or be given 
projection processing. 
[0069] The cathode 11 applied in the present invention is a 
hydrogen generation electrode or an oxygen gas electrode, 
necessary to have durability to concentrated sulfuric acid. 
Applicable materials include conductive silicon, glass-state 
carbon, and these materials coated With precious metals. In 
case of an oxygen gas electrode, oxygen supply is controlled 
to 1.2-10 times of the theoretical amount. 

[0070] As the diaphragm 2, the neutral membranes, such as 
trade nameiPore?on, or cation exchange membranes, such 
as trade namesiNa?on, Aciplex, and Flemion are appli 
cable; hoWever, in vieW of the fact that the product in each 
compartment can be manufactured separately, use of cation 
exchange membranes, the latter, is preferable, With an addi 
tional advantage that cation exchange membrane can promote 
electrolysis even When the conductivity of electrolyte is loW, 
such as ultrapure Water. To minimiZe the effect from concen 
tration gradient of Water and to decrease the cell voltage, 
desirable cation exchange membranes include those With 
packing (reinforcing cloth) With dimensional stability even at 
a loW moisture content; those of 50 pm or less in thickness; 
and those of no laminated layers of ion exchange membranes. 
In the coexistence With a substance of loW equilibrium vapor 
pressure, like sulfuric acid at 96% by mass, ion exchange 
membrane shoWs a loW moisture content and an increased 
speci?c resistance value leading to a problem of increased 
electrolysis cell voltage. When highly-concentrated sulfuric 
acid like 96% by mass is supplied to the anode compartment 
4 to obtain persulfuric acid at a high ef?ciency, it is desirable 
to supply sulfuric acid at 70% by mass or beloW to the cathode 
compartment 12 in order to supply Water to ion exchange 
membrane. 

[0071] In the present invention, resin membranes subjected 
to hydrophilic treatment With IPA (isopropyl alcohol) is 
applicable as the diaphragm 2, other than ion exchange mem 
branes. Porous ?uororesin membranes, other than ion 
exchange membranes, marketed under the trade names Gore 
Tex or Pore?on do not perform electrolysis Without hydro 
philic treatment, such as With IPA treatment. Said porous 
?uororesin membranes are hydrophobic and neither perme 
ation of sulfuric acid solution nor proceeding of electrolysis is 
possible. If this porous ?uororesin membrane undergoes 
hydrophilic treatment, said resin membrane turns to be 
capable of containing Water or concentrated sulfuric acid and 
electric conduction by sulfuric acid becomes possible, 
enabling to function as electrolytic cell diaphragm. Porous 
?uororesin membranes Without this treatment keep air in the 
holes, being unable to conduct electricity, and electrolysis 
does not proceed. In case that resin membranes subjected to 
hydrophilic treatment are used as diaphragm, diaphragm 
itself shoWs no resistance and electrolysis is performed at a 
loW electrolytic cell voltage, although formed products in 
both compartments slightly mingle, compared With the case 
in Which ion exchange membranes are used as diaphragm. 

[0072] Porous alumina plates commonly used as a dia 
phragm in the production of persulfate are also applicable 
With enough durability in the electrolytic cell disclosed in the 
present speci?cations; hoWever, impurities from porous alu 
mina plates mingle in the electrolyte, and therefore, this type 
of diaphragm cannot be used for the production of semicon 
ductor cleaning liquid. 
[0073] This diaphragm 2 can be sandWiched betWeen tWo 
sheets of protection board, made of PTFE or neW PFA on 
Which holes are punched or in the form of expanded mesh. 
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[0074] The conductive diamond anode 3 has a large oxida 
tive poWer and organic substance in contact With anodically 
polariZed conductive diamond surface is decomposed to con 
vert to mostly carbon dioxide. The diaphragm 2 in the sulfuric 
acid electrolytic cell 1 vibrates betWeen the anode and the 
cathode under the output pressure of the liquid supply pump 
used for liquid supply to the sulfuric acid electrolytic cell 1 
and therefore, if said protection board is not provided, the 
diaphragm 2 may possibly consume in contact With the con 
ductive diamond anode 3 or the cathode 11. Also, if vibration 
occurs While the protection board is not provided, the clear 
ance betWeen the electrode and the diaphragm varies and cell 
voltage may ?uctuate. 
[0075] In the folloWing, the present invention is explained 
in reference to examples and comparison examples; pro 
vided, hoWever, the present invention is not limited to these 
examples. 

EXAMPLE 1~6 

[0076] The folloWing gives an example of the operation 
method of the sulfuric acid electrolytic cell by the present 
invention. 
[0077] TWo electrodes With the conductive diamond ?lm 
formed on 6-inch dia. silicon substrates Were opposingly 
installed as anode 3 and cathode 11 With a porous PTFE 
diaphragm inserted in betWeen. The gap betWeen the elec 
trode and the diaphragm Was 6 mm, respectively both for the 
anode and the cathode to constitute an electrolytic cell, as 
des2cribed in FIG. 1, having an effective electrolysis area of 1 
dm . 

[0078] RaW material sulfuric acid Was stored in the anolyte 
tank 6 and the catholyte tank 14; sulfuric acid Was supplied to 
the anode compartment 4 and the cathode compartment 12 of 
the electrolytic cell 1 at a given ?oW rate by the circulation 
pumps 5, 13 installed on the lines of the anode side and the 
cathode side; and electrolysis Was performed With electric 
poWer supplied across the electrodes. The electrolytic current 
Was supplied from the poWer source 19, the maximum output 
of Which Was 24V. The gas and sulfuric acid electrolytically 
formed and discharged from the anode compartment and the 
cathode compartment Were introduced to the anolyte tank 6 
and the catholyte tank 14 and Were subjected to gas-liquid 
separation. Sulfuric acid after gas-liquid separation Was 
stored temporarily in each tank and returned to the anode 
compartment 4 and the cathode compartment 11 by the cir 
culation pumps 5, 13, thus performing circulation of the solu 
tion in the anode line and in the cathode line, respectively. The 
gas separated in each tank Was discharged outside the system. 
The How rate of sulfuric acid supplied to the electrolytic cell 
1 Was measured by the anolyte ?oW meter 8 and the catholyte 
?oW meter 16. Sulfuric acid at 98% by mass Was diluted to 
70-95% by mass With ultrapure Water. 
[0079] Table 1 gives applied experimental conditions and 
results. The experimental procedures Were as folloWs. Con 
centrated sulfuric acid at a speci?ed temperature Was sup 
plied to the tank; it Was circulated at a given ?oW rate betWeen 
the tank and the electrode compartment; after acclimating the 
cell temperature to the sulfuric acid temperature, speci?ed 
electrolytic current Was supplied for 15 minutes at maximum 
for electrolysis operation. As the supply method of electro 
lytic current to the electrolytic cell, the electrolytic current 
value Was incremented gradually from Zero amperes up to the 
targeted electrolytic current value, by 1 A/ sec. or less. The 
sulfuric acid concentration, current density, ?oW rate of sul 
furic acid, and temperature of sulfuric acid solution at the 
electrolysis start Were controlled to the speci?ed values as 
given in Table 1 and the variation of the cell voltage during 
electrolysis Was observed. 
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TABLE 1 

sul?aric acid current max. cell *electrolysis anolyte catholyte 
conc. density F1 F2 Fa Fc Voltage possible temp. temp. 

(Wt. %) (NdmZ) (L/min.) (L/min.) (L/min.) (L/min.) Fl/Fa F2/Fc (V) time (mim.) (0 C.) (O C.) 

Example 1 95 50 3.2 3.2 0.19 0.38 16.7 8.4 12 more than 15 33 33 
Example 2 90 25 3.2 3.2 0.1 0.19 33.5 16.7 9 more than 15 33 33 
Example 3 90 50 3.2 3.2 0.19 0.38 16.7 8.4 11 more than 15 33 33 
Example 4 90 100 1.4 1.2 0.38 0.76 3.7 1.6 13 more than 15 33 33 
Example 5 80 50 3.2 3.2 0.19 0.38 16.7 8.4 10 more than 15 33 33 
Example 6 70 50 3.2 3.2 0.19 0.38 16.7 8.4 9 more than 15 33 33 

In Table 1, 
F1: Volume of anolyte actually floWn in the present experiment 
F2: Volume of catholyte actually floWn in the present experiment 
Fa: FloW rate of gas forming on the anode side as calculated from electrolytic current value 
Fc: FloW rate of gas forming on the cathode side as calculated from electrolytic current value 
From Table 1, 
Sulfuric acid concentration: 70-95% by mass 
Fl/Fa and F2/Fc ratio: 1.5 or more in both cases 

Electrolyte temperature: 33 degree Celsius (Temperature of electrolyte When the electrolyte Was supplied inside the tank) 
During the experiment, the solution temperature dropped doWn to 30 degree Celsius by the circulation Within the experiment system before the 
electrolysis operation and Warmed up With time after the start of electrolysis by Joule heat. 
In Examples 1-6, the cell voltage did not exceed 24 V, Without time lapse variation, and stable electrolysis Was achieved. 
In Table 1, 
*“Electrolysis Possible Time” means the time period of electrolysis after setting the electrolysis conditions, during Which electrolysis Was able 
to perform at the speci?ed current density. 
*“15 minutes or more” means that the electrolysis operation terminated in 15 minutes despite ?nther operation being possible. 

COMPARATIVE EXAMPLE 1~9 voltage reaches 24 V or more in the course of increasing the 
electrolytic current up to the targeted electrolytic current 
value. Meanwhile, supplied electrolytic current at that time 
Was 0.1 A or less for all cases. 

[0080] Comparative Examples 1-6 shoW the result of elec 
trolysis With a different condition of F2/Fc ratio from those 
applied in Examples 1-6, the results of Which are given in 
Table 2. In Comparative Examples l-6, the F2/Fc ratio of all [0082] In Comparative Examples 7-9, Corresponding to 
cases give 1 or less and the cell voltage begins to rise almost Examples 3, 5, 6, Fl/Fa and F2/Fc ratios are both 1.5 or more, 
right after the start of electrolysis, and the current supply but the operation Was conducted under the electrolyte tem 
becomes impossible. perature at 22 degree Celsius and therefore the electrolysis 
[0081] In Table 2, * “Electrolysis Possible Time” means the temperature dropped beloW 30 degree Celsius. The cell volt 
time period of electrolysis after setting the electrolysis con- age began to rise gradually right after the start of electrolysis, 
ditions, during Which electrolysis Was able to perform at the and even in Comparative Example 9 in Which the concentra 
speci?ed current value. * “15 minutes or more” means that the tion of electrolyte Was relatively loW as 70% by mass and the 
electrolysis operation terminated in 15 minutes despite fur- viscosity Was small, the cell voltage reached 24 V over in 4 
ther operation being possible. * “NG” means that the cell minutes after the start of electrolysis. 

TABLE 2 

sulfuric 
acid current max. cell *electrolysis anolyte catholyte 
conc. density F1 F2 Fa Fc Voltage possible temp. temp. 

(Wt. %) (A/dm2) (L/min.) (L/min.) (L/min.) (L/min.) Fl/Fa F2/Fc (V) time (0 C.) (O C.) 

Comparative 95 50 1.2 0.2 0.19 0.38 6.3 0.5 more than NG 33 33 
Examplel 24 
Comparative 90 25 1.2 0.2 0.1 0.19 12.6 1 more than 10 sec. 33 33 
Example2 24 
Comparative 90 50 1.2 0.4 0.19 0.38 6.3 1 more than NG 33 33 
Example3 24 
Comparative 90 100 1.2 0.8 0.38 0.76 3.1 1 more than NG 33 33 
Example4 24 
Comparative 80 50 1.2 0.2 0.19 0.38 6.3 0.5 more than 20 sec. 33 33 
Example5 24 
Comparative 70 50 1.2 0.2 0.19 0.38 6.3 0.5 more than 2 min. 33 33 
Example6 24 
Comparative 90 50 3.2 3.2 0.19 0.38 16.7 8.4 more than NG 22 22 
Example7 24 
Comparative 80 50 3.2 3.2 0.19 0.38 16.7 8.4 more than 20 sec. 22 22 
Example8 24 
Comparative 70 50 3.2 3.2 0.19 0.38 16.7 8.4 more than 24 min. 22 22 
Example9 24 
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[0083] According to the present invention, as described 
above, if the temperature of the electrolyte is 30 degree Cel 
sius or more and the How rate of the electrolyte is made 1.5 
times or more the How rate of the gas as calculated from the 
electrolytic current value, the rise of cell voltage can be sup 
pressed, because the gas or products produced from electroly 
sis do not remain as insulation material on the electrode 
surface Without liberating, ?oWing out of the electrolytic cell 
promptly. Also, according to the present invention, if the 
starting procedures of the electrolysis folloW the sequential 
order of: temperature control of the electrolyteisupply of 
electrolyte to the electrolytic cellisupply of electrolytic cur 
rent to the electrolytic cell, and the electrolytic current value 
is incremented gradually from Zero amperes (A) up to the 
targeted electrolytic current value, by 1 A/sec. or less, such 
operation as to increase the concentration of formed products 
on the electrode surface resulting in the abrupt supply of a 
large electrolytic current can be eliminated, thus enabling to 
further suppress the rise of cell voltage. Moreover, according 
to the present invention, if the sulfuric acid concentration of 
said electrolyte containing sulfuric acid to be supplied to said 
anode compartment is controlled to 70% by mass or more, 
and at the same time, the current density of said electrolysis is 
controlled to 20 A/dm2 or more, the rise of cell voltage is 
further more suppressed effectively. 

FIGURE LEGEND 

[0084] 1: electrolytic cell 
[0085] 2: diaphragm 
[0086] 3: conductive diamond anode 
[0087] 4: anode compartment 
[0088] 5: anolyte circulation pump 
[0089] 6: anolyte tank 
[0090] 7: anode gas vent line 
[0091] 8: anolyte ?oW meter & pressure gauge 
[0092] 9, 10: anolyte supply line 
[0093] 11: cathode 
[0094] 12: cathode compartment 
[0095] 13: catholyte circulation pump 
[0096] 14: catholyte tank 
[0097] 15: cathode gas vent line 
[0098] 16: catholyte ?oW meter & pressure gauge 
[0099] 17, 18: catholyte supply line 
[0100] 19: poWer source 

1. A sulfuric acid electrolysis process used in an electro 
lytic cell having an anode compartment separated from a 
cathode compartment by a diaphragm, a conductive diamond 
anode installed in said anode compartment, and a cathode 
installed in said cathode compartment, comprising the steps 
of: 
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supplying electrolyte containing sulfuric acid for electroly 
sis to said anode compartment and said cathode com 
partment, respectively, from outside; and 

performing electrolysis to generate oxidizing agent in an 
anolyte in said anode compartment, Wherein 

a temperature of said electrolyte containing sulfuric acid 
supplied to said anode compartment and said cathode 
compartment is controlled to be 30 degree Celsius or 
more; 

a How rate F1 (L/m in.) of said electrolyte containing 
sulfuric acid supplied to said anode compartment is con 
trolled to be 1.5 times or more (F1/Fa§1.5) a How rate 
Fc (L/min.) of gas formed on an anode side as calculated 
from Equation (1) shoWn beloW; and 

a How rate F2 (L/min.) of said electrolyte containing sul 
furic acid supplied to said cathode compartment is con 
trolled to be 1.5 times ormore (FZ/Fci 15) a How rate Fc 
(L/min.) of gas formed on a cathode side as calculated 
from Equation (2) shoWn beloW: 

Fa:(I><S><R>< T)/(4><Faraday constant) Equation (1) 

F c:(I><S><R><T)/(2><Faraday constant) Equation (2) 

I: Electrolytic current (A) 
S: Time: 60 second (Fixed) 
R: Gas constant (0.082 1~atm/K/mol) 
K: Absolute temperature (273.15 degree Celsius+T 

degree Celsius) 
T: Electrolysis temperature (degree Celsius) 
Faraday constant: (C/mol). 

2. The sulfuric acid electrolysis process as de?ned in claim 
1, Wherein starting steps of the electrolysis folloW a sequen 
tial order of: controlling temperature of the electrolyte; sup 
plying electrolyte to the electrolytic cell; and then supplying 
electrolytic current to the electrolytic cell. 

3. The sulfuric acid electrolysis process as de?ned in claim 
1, Wherein electrolytic current supplied for said electrolysis 
step is controlled to have an electrolytic current value that is 
increased gradually from Zero amperes (A) up to a targeted 
electrolytic current value, by 1 A/sec. or less. 

4. The sulfuric acid electrolysis process as de?ned in claim 
1, Wherein a sulfuric acid concentration of said electrolyte 
containing sulfuric acid supplied to said anode compartment 
is controlled to be 70% by mass or more. 

5. The sulfuric acid electrolysis process as de?ned in claim 
1, Wherein a current density for said electrolysis is controlled 
to be 20 A/dm2 or more. 

* * * * * 


